Productive performance and RAPD analysis were used to find the genetic variations and relatedness among two selected, maternal (line1) and long shank length (line3), and randombred (line2) males and females of Japanese quail in the 4 th generation of selection. Body weight (BW) and shank length (SL) were measured at 1, 7, 14, 21, 28 and 35 days of age and BW at sexual maturity. Age at first egg (AFE), Age at 10 eggs (Age10), Age at 30 eggs (Age30), number of days needed to produce the first 10 eggs (DN10), number of days needed to produce the first 30 eggs (DN30), egg mass of the first 10 eggs (EM10) and egg mass of the first 30 eggs (EM30) were recorded individually for each female. Individual blood samples were collected from 60 birds [20 birds (10 males and 10 females/line)] to extract DNA. RAPD-PCR amplification was performed using 10 random primers that succeeded to generate informative polymorphic bands. The results indicated that, line3 had higher BW and SL than line1 and line2 at all studied ages except at one day old, while the line2 had the significant lowest values at all ages. The line1 matured at earlier age than the line2 and line3, and had shorter DN10 and DN30. Also, line1 had lower Age10 and Age30 than the line2 and line3, and had heavier EM10 and EM30 than the line2 and line3. The differences among lines and sexes were due to the genetic changes resulted Key Words: Quail; Selection; Maternal; Shank; Randombred; RAPD analysis; Similarity Corresponding author: eissahmd@yahoo.com
INTRODUCTION
Poultry breeds are a national capital in developing countries, their conservation and utilization are important for economy. The Japanese quails are a well-established animal model in biology and used for intensive egg and meat production (Minvielle, 2004) . The skeletal development is an important measurement at reaching optimum live weight and uniformity for hens. In addition, shank length is an important measurement of skeletal development (North and Bell, 1990) . Shank length has generally high heritability values during the growing period. This suggests that this trait can be improved through individual selection. The researches for relationships between some body measurements and production traits of other animals are used in animal production, to put on the agenda about a relationship between shank length and production traits (Gulinski et al., 1997 and Baco et al., 1998) . Several investigators used shank length to predict live body weight in poultry (Amao et al., 2010 and Ojo et al., 2014) . However, for improving growth and egg production traits, selection indices are of interest to breeders to select for more than a single trait. To maximize genetic progress simultaneously in all the traits, it has been suggested that a desirable proposition would be to combine them into an index when the information are available on all the traits. Selection index is the most efficient method of selection for improving genetically antagonistic traits. Index of total performance involving many traits may not cause many changes in body weight and egg size. The ultimate goal of a poultry breeder is to improve the overall genetic economic worth of the bird through multi-trait selection by considering maximum number of traits at a time (Devi and Gupta, 2012) .
During the past decades, molecular genetics can be applied with classical breeding in several farm animals including poultry. DNA markers are powerful tools in characterization and estimation of relatedness between genotypes. The random amplified polymorphic DNA (RAPD) technique (Williams et al., 1990) was the first polymerase chain reaction (PCR)-based marker system used in genetic analysis and showed high level of polymorphism among closely related genotypes. The potential applications of RAPD marker reveal its importance as a powerful tool in genetics and breeding in animals. DNA fingerprinting of individuals quail could be distinguishable even within a line (Mannen et al., 1993 and Ye et al., 1998) . RAPD markers were found to be effective to detect polymorphism and genetic diversity in quail selected lines (Kumar et al., 2000 , Sharma et al., 2000 and Karabağ and Balcioğlub, 2010 . The estimation of genetic variability of a species is an important for its conservation and genetic improvement (Rahimi et al., 2005) . RAPD analyses have been used for estimating genetic similarity and diversity in chickens (Singh and Sharma, 2002 , Ahlawat et al., 2004 , El-Gendy et al., 2006 , Chatterjee et al., 2009 and Mollah et al., 2009 , in Polish goose breeds (Maciuszonek et al., 2005) , and genetic diversity in ducks (El-Gendy et al., 2005 and Alyethodi et al., 2010) , and in poultry research (Salem et al., 2005) . The use of molecular information in selection programmes has the potential to increase productivity and maintain genetic diversity (Naqvi, 2007) . Dehghanzadeh et al. (2009) showed that RAPD technique is a useful tool for evaluation of genetic variation among domesticated animals and the ability to detect polymorphisms at the DNA level has led to new approaches for the genetic analysis.
Recently using RAPD phylogenetic relationship and diversity established by some authors in chickens (Monira et al., 2011 ,Yap and Kumaran, 2011 , Tamara et al., 2012 and Alatafi et al., 2013 . RAPD-PCR method was used also to genetically analyze in cattle (Thiagarajan and Thangaraju, 2011) , in rabbit breeds (El-Bayomi et al., 2013) . Limited studies have been performed to assess the genetic polymorphism among selected and randombred control lines in Japanese quail using DNA fingerprinting technique.
The aim of the present study was to distinguish among the selected maternal (line1), selected long shank length (line3) and a randombred (line2) of Japanese quail based on productive traits and DNA markers. The lines have been formed by an ongoing selection breeding program aiming to develop Japanese quail productive performance. In addition, the genetic relationship among them was determined using RAPD-PCR analysis.
MATERIALS AND METHODS

Productive performance studies:
The experimental work was carried out on the flock of Japanese quail maintained by the Poultry Research Center, Faculty of Agriculture, Fayoum University. Three quail lines were established, in maternal (line1), a selection index was applied to select a female line according to the aggregate breeding values of age at first egg, body weight at sexual maturity and days needed to produce the first 10 eggs selected for four successive generations with selection pressure of 19%. Long shank length (line3) at four weeks of age, individual phenotypic selection was carried out separately for each sex for four generations, higher shank length (one male and two females) were selected according to their deviation from the mean of their sexes and randombred control (line2) which maintained as non-selected pedigreed population. The control line originated from the unselected base population from which the two selected lines originated. In control, all eggs laid by the two females of each family were used to produce the parents for the next generation. All birds were housed in the same room in order to keep temperature, humidity, light intensity and other variables uniform as possible. Environment and management practices were at conventional levels through the whole study. Feed and water were provided ad-libitum. The same diets were provided to birds on the selection process across various generations. The following traits were measured, body weight (BW) and shank length (SL) at 1, 7, 14, 21, 28 and 35 days of age and BW at sexual maturity. Age at first egg (AFE), Age at 10 eggs (Age10), Age at 30 eggs (Age30), number of days needed to produce the first 10 eggs (DN10), number of days needed to produce the first 30 eggs (DN30), egg mass of the first 10 eggs (EM10) and egg mass of the first 30 eggs (EM30) were recorded individually for each female.
Statistical analysis:
Statistical analysis was conducted using General Linear Model's procedure of SPSS software (SPSS, 2008 (Duncan, 1955 ) when significant F values were obtained.
Molecular genetics studies:
Extraction of DNA:
Individual blood samples were collected from 60 birds [20 birds (10 males and 10 females/line)], highest performance index for line1, randomly assigned for line2 and the longest shank length for line3. Blood sample was collected from the brachial vein of each individual bird in a tube containing EDTA solution (pH 8.0) as anticoagulant reagent and stored at -20°C until DNA extraction. Upon use, the blood samples were thawed and 300 µl of each sample was used to extract genomic DNA according to Wizard Genomic DNA Purification Kit.
PCR conditions and RAPD-PCR analysis:
Equal concentrations of DNA of the individual samples within sex and line were drawn and mixed together to get a pooled 2 DNA samples (males and females). RAPD-PCR analysis was then applied to the pooled samples. Samples were screened with 10-mer arbitrary sequenced primers of Kit C. Ten primers were used, the base sequences and GC contents of the primers are presented in Table ( 1). The PCR reaction mixture consisted of 3.0 µl (75 ng) of genomic DNA, 3.0 µl (30 ng) of random primer synthesized by Operon Technologies, USA, 15.0 µl of master mix and 4.0 µl sdH2O, total volume 25.0 µl. Amplification of DNA fragments was carried out in a (Techne, TC3000). The PCR program included an initial denaturation step at 95ºC/10 min followed by 35 cycles with 95ºC/30 sec for DNA denaturation, 37ºC/30 sec for annealing with each primer, extension at 72ºC/45 sec and final extension at 72ºC/5 min were carried out. The amplified DNA fragments were separated on 2.5% agarose gel and stained with ethidium bromide and the molecular weight (bp) of amplified fragments were estimated with the ladder marker. The amplified patterns were visualized on an ultraviolet light transilluminator and photographed. PCR amplification was performed using 10 random primers that succeeded to generate informative polymorphic bands.
Molecular data analysis:
The bands of RAPD-PCR products on agarose gel were scored and data were processed to determine the band sizes using the computer software: Lab. image V2.7. The presence and absence of band was recorded as (1) and (0), respectively. The binary coded characters (1, 0) that were processed to generate a molecular data set were used for the genetic analysis. Band sharing level (BS) was used to estimate the genetic similarity for each primer (Lynch, 1990 ) and a simple expression of similarity measured in terms of sharing bands between lines and sexes. The BS between lines and sexes x and y was calculated as BSxy=2Nxy/Nx+Ny where Nxy is the number of common fragments observed in lines and sexes x and y, Nx and Ny are the total number of fragments scored in x and y lines and sexes, respectively. The genetic distance indices between lines and sexes were used to construct a dendrogram graph for the lines and sexes, using PhyloDraw software package established by Choi et al. (2000) .
RESULTS AND DISCUSSION
Productive traits:
Means and standard errors of body weight (BW) and shank length (SL) at different ages which studied for the three lines are presented in Table ( 2). Line3 had higher BW and SL than line1 and line2 at all ages studies except for BW at one day old, while the line2 had the significant lowest values at all ages. Neither the effect of sex nor the interaction (sex by line) was significant for BW at 28 and 35 days of age and SL at all ages. The interaction (sex by line) effect was significant for BW at 1, 7, 14 and 21 days of age as shown in Table  ( 3). Line had significant effects on all egg production-related traits studied (Table 4) . Line1 was better for all traits than other lines, it matured at earlier age than the line2 and line3 by 18.08 and 10.27days, respectively. Similar results were reported for age at first egg (Nath et al., 2011) . Line1 had shorter days needed to produce the first 10 and 30 eggs by 3.15 and 5.46 days than the line2 and 2.36 and 4.68 days than the line3, lower age at 10 and 30 eggs by 21.23 and 23.54 days than the line2 and 12.63 and 13.95 days than the line3. The line1 had heavier egg mass for the first 10 and 30 eggs by 12.45 and 34.66g than the line2 and 12.23 and 28.34g than the line3. Similar results were reported for DN30 and EM30 (Farrag, 2011) . Bahie El-Deen and El-Sayed (1999) reported that the period needed to produce the first 10 eggs for the control and selected line (13.32 and 13.10 days) after 3 generations of selection for BW at 6 weeks. Similarly, Tawefeuk (2001) reported that there were a decrease in days needed to produce the first 10 eggs in the selected line for age at sexual maturity and days needed to produce the first 10 eggs from 100% to 54% (relative to control line in the same generation) in the base population to the 4 th generations. These results are in agreement with Bahie El-Deen (1994), Nestor et al. (1996) , Shalan (1998) and Ali et al. (2002) . They reported that the quail line selected for high egg production were better for egg production traits than other lines in this respect. In the present study, it can be observed that the differences among different lines favoring the maternal line (line1) and sexes were due to the genetic changes resulted from selection for 4 generations. The lines are diverse and specific in their performance traits.
Molecular genetics analyses:
Molecular markers are efficient tools for genotype identification, characterization and estimation of relatedness through DNA fingerprinting. RAPD-PCR technique was employed in this study to find out genetic variations and relatedness within and among two selected lines, 1 and 3 and randombred control line2 males and females of Japanese quail. Using mixed DNA samples was proven to be an effective approach when comparing among lines and sexes patterns. All the 10 primers (Table 1) examined produced different RAPD-PCR fragment patterns (Plate 1 and Table 5 ). In total, the 10 RAPD primers produced 286 scorable bands as shown in Table ( 6). The number of bands amplified with each primer ranged from 6-53 bands, within a mean of 28.6. While, the number of polymorphic fragments ranged from 1-8, a maximum number of 53 amplicons were amplified with primer OPC-20, while the minimum number of fragments (6) was amplified with primer OPC-17 as shown in Table ( 6). The highest number of polymorphic bands (8) was obtained with primer OPC-02, and the lowest number of polymorphic bands (1) was obtained with primer OPC-16 as shown in Table (7) . Primers OPC-10, -17 and -18 exhibited the highest percentage (100%) of polymorphism (Table 7) . Table (7) also revealed that the primer OPC-16 exhibited the lowest percentage (11.11%) of polymorphism.
The number of polymorphic bands varied from 11.11-100% of the total bands. The mean of polymorphism percentage across all 10 primers was 73.28. Primers OPC-10, -17 and -18 produced amplification products of polymorphic bands for a given three lines (Table 7) .
Furthermore, primer OPC-10 detected polymorphic bands (PB) only specific for sexes and lines. Primer OPC-10 amplified PB at 957.87 bp and 803.10 bp specific for control (C) males and line3 females, PB at 585.41 bp specific for line1 males and females and C males, PB at 473.33 bp specific for line1 males and females and C males and line3 females, PB at 424.52 bp specific for C males and line3 females, and PB at 345.03 bp specific for C males and line3 females. Table (7) also revealed that the total number of polymorphic amplicons obtained by the 10 studied primers was 39, and an average number of polymorphic fragments/primer of 3.9. As shown in Plate (1), all the tested primers exhibited intralines polymorphisms as well as interline variations. Six primers , resulted in highly polymorphic markers for quail genome. However, each of the 10 primers used was effective in amplifying polymorphic bands for a given three lines. The polymorphic nature of many bands amplified by the 10 primers was also obvious within lines and sexes. The results of polymorphism demonstrate the efficiency of the used primers to assess the genetic specificity and reflect the genetic diversity in Japanese quail lines and sexes. According to results of parallel studies, where the same and other RAPD primers were tested, higher values were received than reported in the chicken, 5-12 (Singh and Sharma, 2002) and 4-19 (Dehghanzadeh et al., 2009 ), in ducks, 4-13 (El-Gendy et al., 2005 , in goose, 0-8 (Maciuszonek et al., 2005) . According to their reports, the results of the present study were adequate. The size of scorable amplified fragments ranged from 95-2642 bp as shown in Table (6). Some of the primers produced no amplification products of monomorphic bands (OPC-10, -17 and -18), and for some primers a monomorphic product was obtained . When OPC-16 primer was used for the study, most of the bands were monomorphic (8). The primers also detected monomorphic bands (MB) specific for the two sexes of each line ( Table (7) . In chickens, Sharma et al. (2001) demonstrated the presence of monomorphic bands characterizing different breeds.
Some of the primers produced amplification products of unique bands (UB) , and for some primers no amplification products of UB (OPC-10, -15 and -16). The primers also detected UB specific for line and sex as shown in Table ( Summary of the polymorphic information between and within lines is presented in Table (8) . Accordingly, primers OPC-10, -17 and -18 resulted in highly polymorphic markers, where they amplified 6, 4 and 11 bands with average of 0.417, 0.250 and 0.273, respectively as shown in Table ( 2006), where DNA bands were produced by RAPD procedure and successfully used to differentiate between Nicobari fowls, ducks, chickens, and goose (Maciuszonek et al., 2005) . Also, Alatafi et al. (2013) reported polymorphic patterns in DNA bands of male and female breeds of chickens by RAPD procedure to distinguish the male and female bird's accessions. Table ( 9) showed that the overall mean genetic similarity between the three lines across 10 primers on the basis of RAPD-PCR marker was 0.52 and 0.54, respectively in males and females. The results of RAPD-PCR are in harmony with Ye et al. (1998) reported that the genetic variation within and between selected and randombred lines of quail using DNA fingerprinting and BS. Within lines, BS was ranged from 0.384-0.525 and 0.230-0.308 between selected lines. Also, to detect polymorphism in various quail lines, RAPD markers were tested (Sharma et al., 2000) and found to be effective. Six decamer primers generated distinct polymorphic patterns between the quail lines, 19 bands (31.7%) out of 60 amplified bands were found to be polymorphic, genetic similarity within the lines ranged from 0.762-0.836. The present results are in line with Karabağ and Balcioğlu (2010) genetic diversity among selected and a control quail lines were investigated also by RAPD-PCR. Seven males-7 females from each line were analyzed using 24 primers, and 196 polymorphic loci were amplified and polymorphism rate was 99.49%, and genotypic polymorphism rates were 63.45%, 31.47%, 42.13%, 35.53% and 36.55%. They concluded that the genetic variation within line and the genetic relationships among lines could be estimated successfully using RAPD in selected quail lines.
Phylogenetic relationship among quail lines based on RAPD marker:
On the basis of RAPD-PCR marker as shown in Table ( 10), the highest similarity (0.86) was recorded within line1 males and females as expected in the same selected line. The lowest similarity (0.47) was recorded between line1 males and control females as expected in the two different lines (selected and control), and between line1 females and line3 males as expected in the two different selected lines (maternal and long shank length). Genetic variation, both within and between lines, is essential for the genetic improvement of quail. Loss of variation will restrict the selection for desirable characteristics within lines. The data obtained from the analysis of RAPD were used to draw precise relationships among the three tested quail lines, and the resultant dendrograms are shown in Fig. (1a, b and c) . Dendrograms of phylogenetic relationships were constructed based on the genetic similarity indices. Cluster analysis was conducted to generate a dendrogram illustrating possible relationships among the studied three quail lines based on molecular attributes. These dendrograms clustered the quail lines into two clusters (groups). The first group consisted of selected line1 males and females was delimited in separate group form one cluster from the rest of studied quail lines males and females. Selected line3 males and females, and control line2 males and females were delimited in other separate group form another cluster. Selected line3 males and females were separated in one sub-group, from the rest of sub-group control line2 males and females. Based on RAPD analysis, the selected line1 males and females were delimited in separate group, while the selected line3 males and females, and control line2 males and females were clustered in the same group form another cluster. This result seems to be reliable since it goes with the expectation of clustering males and females in the same line in one cluster. Gathering both selected line3 and control line2 in one cluster even though, selected line1 delimited in separate group. They might share some genes between selected lines and control line through successive selections during four generations of selection for maternal and long shank length lines which started in control population. The randombred control population was the original from which the maternal and long shank length lines had selected. The line1 males and females were delimited in separate group, while the line3 males and females, and line2 males and females were clustered in the same group form another cluster. That means line1 were selected with high pressure of selection more than line3. The same trend was observed for the productive performance and indicated that the line1 has better for all studied egg productionrelated traits than the other two lines.
GENERAL CONCLUSION
The productive performance and molecular genetic analysis used in the present study successfully distinguished among different Japanese quail lines and sexes. The result of molecular genetic analysis is in agreement with the result of ANOVA for the productive traits. The study showed that RAPD fingerprinting analysis is an effective method for generating polymorphic DNA markers in two selected lines and randombred control line. These polymorphic markers are also useful for estimating genetic distances and the genetic relationships between the lines. The level of polymorphism detected by using RAPDs will provide Japanese quail breeders with environment independent DNA markers, which should be regarded as essential tools for selection. RAPD fingerprinting analysis will be practical in Japanese quail breeding and conservation of indigenous lines. It provides a mean to differentiate lines that are genetically dissimilar and members (males and females) within the lines. This will be useful in selective breeding programs in Japanese quail. Plate (1): RAPD fingerprints profiles of the two selected and control Japanese quail lines amplified with 9 different RAPD primers. M=Ladder marker, 1=Selected line1 males, 2=Selected line1 females, 3=Control males, 4=Control females, 5=Selected line3 males and 6=Selected line3 females.
